Here we propose a new life detection project, to search for living microorganisms by fluorescence microscopy. We propose to search for "cells" from a depth of about 5 -10 cm below the surface, which is feasible with current technology. Life Detection Microscope (LDM) that we propose here could detect less than 10 4 cells in 1 gram clay. Our life-detecting instrument has the sensitivity that is orders of magnitude higher than the one onboard Viking that issued the negative conclusion. LDM is capable of identifying what we think to be the most fundamental features that a cell should possess to constitute life. Our Investigation Goals are: 1: High-resolution characterization of regolith and dust particles. 2: Search for any type of organic compounds in Mars surface samples. The compounds include cells, other biological materials, and abiotic polycyclic aromatic hydrocarbon (PAH). 3: Identify cell-like structure in which organic compounds are enveloped by membrane, which may represent Martian life. Among the planets and giant satellites in our solar system, the characteristics of Mars are most similar to those of Earth. This suggests that the life similar to terrestrial life may arise and survive on Mars.
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Introduction
Among the planets and giant satellites in our solar system, the characteristics of Mars, such as the size, mass, gravity, surface temperature, and the existence of an atmosphere are quite similar to those of Earth. This may suggest that it is possible for life similar to terrestrial life to arise and even survive on Mars.
The Viking missions in 1976, NASA's early landing missions to Mars, conducted several kinds of life science experiments. The Gas Exchange (GEX) Experiments measured production of gases from surface samples after they were humidified and wetted with nutrient media. In these experiments, the liberation of O 2 gas was observed.
1) The Labeled Release (LR) Experiment demonstrated immediate evolution of radioactive gas after adding 14 C-labeled carbohydrates to the Martian regolith.
2)
The Gas Chromatograph / Mass Spectrometer (GCMS) Experiment showed absence of detectable organic compounds above a few parts per billion in the upper 10 cm of surface soil.
3) The combined results of these experiments were interpreted to indicate the presence of oxidants that decomposed the organic compounds added in GEX and LR, and no organisms were present within the detection limits of the experiments. 4) However, the presence of life on Mars has become a focus of discussion again since the report of possible chemical fossils in the ALH84001 meteorite that originated from Mars. 5) The results of the Viking experiments have been reexamined. The Viking GCMS instruments were not specifically designed to search for living cells and the sensitivity for small organic compounds was one part per billion. Biomolecules such as amino acids could not be detected if living cells were present at levels less than 10 7 cells per gram. 6) Non-volatile organic compounds, such as benzenecarboxylate, which have been formed on the surface of Mars via oxidation of organic material that arrived on Mars in meteorites, could not be easily detected by the Viking GCMS instruments. 7) Thus some organic compounds may be present on Mars, although compounds near the surface may be destroyed by ionizing radiation. 8, 9) The evidence of past water activity and the existence of methane in the Martian atmosphere also provided motivation for the re-examination of the organic compounds on Mars surface. The Mars Global Surveyor (MGS) Mars Orbiter Camera (MOC) acquired images of the Martian surface with fine spatial resolution, and showed large outflow channels as evidence for past, but quite recent, liquid water. [10] [11] [12] The Mars Odyssey Neutron Spectrometer showed that poleward of ±60º latitude was terrain rich in hydrogen, probably H 2 O ice existing beneath tens of centimeters of soil. 13) Hydrated sulfate and phyllosilicates that provide evidence of the past presence of liquid water have been observed by the OMEGA imaging spectrometer on board the Mars Express spacecraft. 14, 15) The Mars Exploration Rover Opportunity also found sedimentary rocks formed by past aqueous processes on Mars. 16, 17) The Phoenix mission found a shallow H 2 O ice table in the center and edge of a nearby polygon at depths of 5 to 18 centimeters by excavating with the Robotic Arm and associated Icy Soil Acquisition Device. 18) These findings suggested that there was water activity on (or beneath) the surface and suitable conditions for life in the past, although there has been no direct observation of liquid water at present.
On the other hand, The Planetary Fourier Spectrometer onboard the Mars Express spacecraft detected methane at a concentration of approximately 10 ppbv in global abundance. 19, 20) Similar abundance was observed by the Fourier Transform Spectrometer at the Canada-France-Hawaii Telescope. 21) Methane was released in large plumes and peak amounts were observed during Martian summer with high-dispersion infrared spectrometers. 22) Methane is produced by both biotic and abiotic processes on Earth, so the origin of Martian methane is the subject of considerable discussion. [23] [24] [25] [26] Mars Science Laboratory mission (MSL) has detected the temporally increase of the methane in the Gale Crater. 24) The source may be revealed by the Mars Trace Gas Mission, which will spatially map important trace gases including methane using an orbiter. 27) The MSL will analyze not only the atmospheric composition, but also solids near the surface with a GCMS (gas chromatograph and quadrupole mass spectrometer) and a tunable laser spectrometer to measure organic compounds and isotope compositions, respectively and detected chlorinated methane, though the Martian origin is not clear yet.
28) The European Space Agency's ExoMars mission is planning life detection experiments on Mars with a Life Marker Chip, which detects biomolecules based on antibody microarray technology using subsurface samples taken by drilling or excavating. 29) We propose a new life detection project on Mars to search for microorganisms by fluorescence microscopy. We propose to search for "cells" from a depth of about 5 -10 cm below the surface, which is feasible with current technology. 30) Sampling devise is now being developed by one of our team members (G.I.) and will be published elsewhere. Microscopic observation can be done using low mass equipment with low electric power consumption (Table   1) , and has the potential to detect single-form "cells". The terrestrial microorganisms often form aggregated cells usually called biofilm, which are easier to be detected. The single-form cell, usually with about 1 μm in size, can be detected by LDM. The subsequent analysis of amino acids will provide the information needed to define the origin of the "cell", in the following mission.
Survivability of Life in the Mars Environment
Physical and chemical limits for terrestrial life have been major foci in astrobiology, 31, 32) and are summarized in Table 1 in the previous publication. 30) Microgravity may affect structural organization and functional harmonization of biological systems of higher organisms such as animals and plants (e.g., Refs. 31 and 33). In contrast, microorganisms are less affected by near-zero gravity. There is no evidence indicating that the low surface gravity of Mars (0.376 g) would limit the existence and survival of terrestrial life.
The temperature range for terrestrial life to grow is, from -20 o C to the current record of 122 o C, 34, 35) partially overlaps the temperature range of the current Mars surface, -87 o C to 20 o C. Besides growth, storage and survival of seeds, spores, vegetative cells and dried waterbears may not be significantly limited by the low Martian temperatures.
Although the terrestrial bacterium Shewanella oneidensis tolerates pressures as high as 1.6 GPa. 36) The effect of low pressures found on the current Mars surface against microorganisms has not been examined until recently. The terrestrial microorganism that can grow under the 0.007ATM atmosphere has been found. 37) Terrestrial life forms are found over the entire salinity range from freshwater to salt-saturated waters. Some halophilic (salt-loving) microorganisms such as Halomonas species maintain activity over the entire range of salinity (e.g., Refs. 38 and 39). It is likely that massive evaporation of liquid water occurred on Mars in the past, leaving massive evaporites that are salt-saturated. If NaCl is the major salt, many terrestrial halophilic microorganisms would be capable of survival. If Martian sea salts consist mainly of Li , their possible influence on terrestrial-type life is not well defined. Associated with high salinity, the extreme dryness of the Mars surface is likely to limit biological activities, but not survivability, as evidenced by long-term storage of lyophilized (freeze-dried) microorganisms.
Radiation is likely the most seriously limiting factor for activity and survivability of terrestrial-type life; however, removal of water would increase tolerance and survivability. This hypothesis is based on the dried states of water bears, i.e., tardigrades 40, 33) and chiromid larvae 41, 42) as well as microorganisms.
43) The extremely high radiation-tolerance of Deinococcus radiodurans has been well studied and ascribed to a by-product of adaptation to extreme desiccation. 44) UV radiation on the Mars surface can be estimated to be 20 W m -2 based on the assumption that (1) 47, 48) wet chemical analyses of the surface soil, and determined the soil pH to be 7.7±0.5. For reference, the lowest (acidic) pH limit for terrestrial life is currently -0.06, i.e., [
, as shown by the archaea Picrophilus oshimae and P. torridus 49, 50) , while the highest (alkaline) pH12.5 is known for the bacterium Alkaliphilus transvaalensis. 51) The redox potential (E h ) of the Martian soil has not been reported so far, but occurrences of sulfate and perchlorate strongly suggest that the Martian soil is highly oxidative and coincides with the presence of ferric oxides on the surface. Perchlorate, an efficient oxidizer, is present in the Martian soil, but may not restrict the survivability of life on Mars, since certain terrestrial microorganisms exploit perchlorate in anaerobic oxidation metabolism. 52, 53) Results of the Viking biological experiments were interpreted to indicate the presence of highly oxidizing H 2 O 2 , which could be generated by photochemical reactions and/or dust storms. 54 
How to Find Microorganisms on Mars
The Martian soil will be inspected with a fluorescence microscope. Using a combination of fluorescent dyes, specific components of biological cells can be distinguished from non-biological inorganic and organic matters. Adequate combination of pigments used will be determined to detect biological characteristics.
The component and the shape of the possible Martian life is not known, if ever emerged. However, based on the environmental similarity between early Earth and early Mars, we assumed the similarity between life-forms emerged on these two planets. The organic compounds were found in space, meteorite and comet and must accumulated on Mars as well as Earth. The life forms on Mars must utilize organic compounds as biological polymers. The first target of our LDM observation is the organic compound.
All the terrestrial life consists of a cell(s), which are surrounded by lipid membrane.
The cells maintain concentration of biological compounds in cells by membrane.
The Martian "cell" must be surrounded by membrane. The "cell" should be surrounded by an impermeable membrane to define "self" and "non-self" and to separate inside from outside. The presence of this defining characteristic will be tested by using a combination of membrane permeable (SYTO 24) and impermeable (propidium iodide) pigments.
Upon identification of candidate "cells" by fluorescence microscopy, they will be analyzed by second stage analytical process, in the next separate mission. In the second stage, the "cells" will be hydrolyzed with solid-acid catalyst, and the amino acids will be derivatized and analyzed with GC-MS.
Living cells on Earth consist of 70% water and 15% protein. Cells contain many types of proteins, from as many as several thousand proteins in prokaryotes, to several tens of thousands in eukaryotes, each having a molecular weight from a few thousand to several hundred thousand. The molecular weight spectra are too complex to be resolved by any type of mass spectral detectors. However, once proteins are hydrolyzed, they produce a mixture of 19 chiral-specific amino acids and glycine, which has no optical isomer. A specific set of 20 amino acids is commonly found in all cells on Earth. Based on research on chemical evolution, which must have occurred prior to the emergence of life, amino acids are known to be abiotically produced in a wide range of possible pre-biological environments. Accordingly, there is a fair chance that Martian "cells" contain polymers of amino acids. However, the number, types and chirality of the amino acids may not be the same as those in living cells on Earth. The number and characteristics of amino acids will be analyzed in the second stage of "cell" analysis.
Fluorescent Microscopy
Fluorescent microscopy is a method to detect localized biosignatures in situ. Biosignatures are labeled with fluorescent dyes. Stained objects are observed with an epifluorescence microscope with a resolution of 1.0 m. Because the fluorescent cell can be detected in the dark back ground in fluorescent microscopy, 1 m resolution is sufficient to detect any fluorescent object as small as 0.2 m, the size of virus. This method is as highly sensitive as about 10 4 cells per g-soil can be detected and will provide clear evidence for extraterrestrial life as images. Many fluorescent dyes are commercially available and used routinely to study terrestrial microorganisms. 57, 58) Thus, their validities have been well established. Analytical procedures are simple and can be done in a short time. Weinstein et al. (2008) 59) tested a detection instrument, Fluorescence Imager, in the Atacama desert in Chile. They sprayed several mL of dye solutions on soil and rocks, and detected a variety of visible life forms such as lichens with CCD camera with fiber optics, although their system was limited to detect life larger than 1 mm. We have developed the window-bottom sample holder which enables the usage of a high resolution objective lens as described in section 5, instead of using fiber optics.
To apply this method to detect Martian microorganisms, we have designed a strategy to detect "cells". Our method is based on multilabeling with different types of fluorescent dyes.
The principle is to detect biosignatures that are responsible for the basic characteristics of life: organic compound, and discrimination of self from non-self. 60) Each characteristic will be detected using a different type of fluorescent dye that is specific for organic compounds but the different permeability to the membrane. This combination of dyes has a potential to distinguish living "cells" from dead "cells" and other non-biological organic compounds.
Nucleic acid probes are most commonly used to study microbial ecology. AO (acridine orange), DAPI (4',6-diamidino-2-phenylindole), SYBR Green I and II, and SYBR Gold are examples of this type of probe. [61] [62] [63] [64] Although many probes cannot be used on soil samples because of strong binding to mineral particles, some probes such as AO were reported to be useful for endolith samples. 65) Metabolic activities are detected by using enzyme substrate fluorescent dyes. FDA (fluorescein diacetate), CFDA (5-carboxyfluorescein diacetate), SFDA (5-(and 6-) sulfofluorescein diacetate), and CFDA-AM (5-carboxyfluorescein diacetate, acetoxymethyl ester) have been used for this purpose. [66] [67] [68] [69] [70] [71] These dyes are often used as viability indicators. They remain non-fluorescent unless hydrolyzed by the intracellular enzyme, esterase, which is a ubiquitous enzyme in organisms on earth. In the case of soil, this type of dye often shows intense background fluorescence due to abiotic catalytic activities and leakage of fluorescent product from the cells, which can mask stained microorganisms. SFDA used with ethanol can solve this problem. 70) Some dyes were also reported to detect artificial protenoid microspheres, which could have enzymatic activity. 60) Accordingly, this type of dye has the potential to detect enzyme-like catalysts. If living microorganisms are present on Mars, they could be detected with this type of probe, because microorganisms must possess catalytic activities to maintain their metabolism.
Cell membranes surrounding "cells" may be identified by using a combination of cell-membrane permeable and impermeable nucleotide specific dyes such as LIVE/DEAD BacLight. 77) However, nucleotides may or may not be the genetic components of possible Martian "cells", thus a combination of pigments with broad staining specificities for not only nucleotide but also protein or protenous molecules will be used to search for candidate "cells" surrounded by membranes.
In addition, fluorescent dyes that detect protein or amino acids could be useful to search for pre-biotic organic materials. SYPRO-RED, 78) fluorescamine 80) and other amine reactive dyes that react specifically with amino groups 57) are candidates for this type of probe.
Many fluorescent probes were extensively studied by Nadeau et al. (2008) . 65) They showed that the usefulness of a particular fluorophore strongly depended on the particular sample and means of detection, and that all fluorescent pigments showed some nonspecific binding. We have selected fluorescent dyes and staining methods that minimize nonspecific binding using simulated Martian samples. Multilabeling with different types of dyes will be tested to increase the detection accuracies and to decrease the identification of false positive (abiotic) structures.
We have found that SYTO 24 and propidium iodide suite best for staining organic compounds not only nucleotides. The combination of pigments is able to stain not only nucleic acids but also wide range of organic compounds including protein, proteinoid and polycyclic aromatic hydrocarbon. There is a mutant Escherichia coli produces daughter cells without DNA that is called mini-cell, while DNA is retained in mother cell. The mini-cells were stained green when they are alive and stained red when they are dead, with the combination of the pigment SYTO 24 and propidium iodide.
These two pigments, SYTO 24 and propidium iodide, are able to detect cells of microorganism in soils of natural environments such as of Antarctic desert and Atacama Desert. Low density microbial cells (10 4 cells/gram soil), in simulated Martian regolith (JSC-Mars-1) containing perchlorate, were detected with 18 % and 5 % efficiency, by SYTO 24 and propidium iodide, respectively.
The stabilities of these two pigments, SYTO 24 and propidium iodide, against space and Martian environmental factors were also tested. No decrease in efficiency in staining microbial cells were detected after the 80 Gy gamma radiation on these two pigments, which are expected during the cruise to Mars and expected 60-sol lover expedition, though the dose during the surface of Mars is much less than those during the cruise. These pigments retain sufficient ability to stain cells after the 50 sols of the temperature cycle with the peak temperature 50 o C. High-resolution images with a micron scale will also provide information about the morphology of the candidate "cells". Terrestrial microorganisms often have specific morphological characteristics, such as spherical and rod shapes, and a characteristic size distribution. Size is usually defined within a range of a single species or group of similar species. Together with the fluorescence intensity from the combination of different fluorescence probes and the morphological information, we will be able to define the characteristics of the candidate "cells".
Development of Fluorescence Microscope
The scientific target of this instrument is to search for life form, 'cell', on the surface of Mars. To identify 'cell' we have selected a pair of fluorescence pigments specific to wide variety of organic compounds, one with high permeability and the other with low permeability to the membrane. With the combination of the two fluorescence pigments, it is possible to detect the organic compounds surrounded by membrane, which is most likely representing 'cell'. The size of terrestrial microbiological cell varies from 0.2 to tens of m in length. However, the species with smallest sizes are the heterotrophic parasitic species. The cell sizes of free living species are larger than 0.5 m, which can be detected by the 1 m/pixel imaging resolution from the dark background. The lowest density of microbiological cell is reported from the desert soil of Atacama, which is 10 4 cells/gram soil. The microscope is designed to detect the lowest possible microbiological density expected. To search for possible cell on the surface of Mars, we are to search the places with the highest possibility in detecting Martian microorganisms. Though the target place is discussed in the next section, to increase the possibility of detecting cells, multiple samples should be analyzed.
The microscopic instrument which is to be used on Mars should suffice the requirement: a) To analyze multiple samples, b) To detect the organic particle with the sensitivity 10 4 particles/gram sample, c) To distinguish pigment fluorescence from those from mineral particles, d) To distinguish organic compounds surrounded by membrane from other organic compounds.
To fulfill the requirement the instrument should: a) have multiple sample holders, b) take image to detect particles statistically suffice the sensitivity, c-1) add pigment solution(s), c-2) take images with two different fluorescence band (green and red), d) have the image resolution of 1 m.
To achieve the sensitivity 10 4 particles/gram sample, 2 mm 3 are going to be inspected and 20 particles will be detected. Based on the efficiency in detecting microorganism 4 and 1 particles will be detected by SYTO 24 and propidium iodide, respectively. To achieve the 1 m resolution, we have developed the sample holder with window bottom. The sample can be inspected from the bottom window with a biological microscopic objective lens. We have preliminary design of objective lens with seven to nine combination lenses, and found it possible to design optical lens with sufficient optical performance. To observe the 2 mm o C under the Martian atmosphere. The sufficient volume of dye solution (2 ml) for each sample analysis is stored in a dye-storage between thin metal films for each sample. The metal films will be punctured by the needle safe-locked below the dye-storage during the voyage to and traveling on the surface of Mars.
To save electricity, a laser diode (LD) will be used to excite dye-labeled samples. The laser diodes of wavelengths such as 375 nm or 488 nm for different types of fluorescent dyes will be equipped. We have tested and detected no deterioration of LD after 80 Gy gamma irradiation and after temperature cycle of -40 and 50 o C. To detect the low fluorescence emitted by the 10 mW optical output power LD, we will select adequate CCD with high sensitivity, suffice the 1 m resolution.
Where to Search: Location of Liquid Water
As discussed in section 1, there are series of reasons to believe that ancient Mars have had environment somewhat similar to that of Earth. Those include the existence of large bodies of water, a wide range of surface oxidation states, appearances of variety of chemical components potentially building blocks of life, and evidence of ancient magnetic field. Endogenic activities have continued even until very recently, and recent water-related geological features indicate prolonged existence of an aquifer system, where a habitable environment may exist for a significant period of time. Occasional releases of volatiles from such an aquifer system may ultimately account for the inconclusive result (not unambiguous denial) of metabolism-detection instrument onboard Viking landers.
The Life Detection Microscope (LDM) instrument experiment is designed to detect less than 10 4 cells in 1 gram clay, more than hundred-times higher than previous attempts performed by Viking landers. There might be decent chances of microorganisms still existing subsurface or somewhere shallow at depth, and if so, they may migrate all over Mars as results of such as global dust storms and repetitious impacts of small meteoroids. In this sense, we consider that, if we can perform this instrument almost anywhere on Mars, it would be an extremely variable experiment.
Even though we consider the LDM has sufficient capability of evaluating if life exists on anywhere on Mars, if we try to maximize the chances of finding microorganisms, it would simply depends on the landing-site. Its selection may be based on the possibility of the existence of near-surface water and on recent geological and hydrological activities including the possible release of volatiles. More specifically, we propose locations satisfying the following conditions has highest chances of finding microorganisms on the surface of Mars; (1) a region with a relatively high water activity (Aw>0.6), (2) a region with a relatively higher maximum environmental temperature (T>250), and (3) an existence of gradients of free energy.
Among the currently-developing features on Mars, seasonal flows on slopes (recurring slope lineae, RSL) are considered the most important features because they are most likely related to water activity. Liquid brine near the surface is considered to be the best explanation for such activity because (1) Incremental growths are observed during warm seasons at temperature higher than 250K; (2) They appear only on warm slopes (McEwen et al., 2011 and 2014); 75, 76) (3) Strength of absorptions at 539 and 920 nm varies seasonally . 77) Most RSL are found in southern hemisphere, but some other exceptions exist such as in Valles Marineris. Given the above view, we propose Melas chasma as a prime candidate because of the existence of "confirmed" recurring slope lineae, where incremental growth of RSLs have been observed. The reasons also include the fact that Valles Marineris provides the best exposures of the ancient geologic history of Mars: (1) being the widest and deepest part of the Valles Marineris and thus a major catchment basin of Mars since its formation; (2) being connected to the outflow channels; (3) possible fog for at least part of a Martian day; (4) containing Interior Layered Deposits (ILDs) which comprise various sulfates deposits, as well as phyllosillicates among the canyon units, both of which are suggestive of abundant past water; (5) comprising a volcanic field in its southeast part; and (6) being cut by deep-seated basement structures that served as conduits for the migration of both groundwater and heat.
As another line of consideration, we propose to look at the locations with the current volatile release. We find Tharsis/Elysium Corridor region is the best candidate, which shows evidence of long-lived water enrichment and recent geologic activity, including recent venting that could bring materials from the subsurface to the surface environment. 
Conclusions
In conclusion, we propose to search for microorganisms on Mars, 5 to 10 cm below the surface. A combination of fluorescent dyes will be used to detect candidate "cells" using a fluorescence microscope. Putative "cells" will be hydrolyzed and analyzed by mass spectral analysis to define the characteristics of the candidate "cells" in the following mission, which will indicate the origin of the candidate. Melas chasma inside Valles Marineris is proposed as a candidate site for the landing and LDM exploration, because there are seasonal flows on slopes (recurring slope linear, RSL) that are considered the most important features because they are most likely related to water activity.
Note Added in Proof
The organic compound of Mars origin was detected from the mudstone corrected a few cm below surface in Gale Crater on Mars by Sample Analysis on Mars onboard MSL: Curiosity. 78) 
